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3.2
The photogrammetric workflow based results. On both days, the sky was clear, with almost no cloud cover.
138
To guarantee a safe and easily repeatable survey of the glacier, the direct access to 139 its surface was avoided and the survey was performed from a rocky ridge on the and 37 photographs were taken with the camera attached to a small tripod to avoid 147 camera shake. In 2014, the number of camera positions was increased to 21, and 148 177 photos were taken freehand (Fig. 3 ).
149
Both surveys were performed using a SLR Canon EOS 600D. The camera was 
172
To overcome the significant variability in brightness during the surveys, the RAW 173 images have been edited to adjust the exposure and contrast in order to retrieve 174 information from the overexposed (e.g., snow-covered) areas and underexposed
175
(e.g., shadowed) areas. These editing steps had a positive impact on the number of 176 image features extracted. The edited images were saved in TIFF format and loaded
177
in PhotoScan where non-stationary objects (i.e., clouds and shadows), the sky, and 178 features lying in the distant background have been masked.
179
The camera calibration parameters were calculated using artificial targets prior to the 180 processing of the photogrammetric surveys (pre-calibrated camera). The intrinsic 181 parameters were kept constant during the entire SfM processing given the limits of 182 the camera network geometry and the homogeneous texture of the surveyed terrain.
183
As additional constraint, the GCPs were included into the SfM process to avoid 184 instability in the bundle adjustment solution (Verhoeven et al., 2015 of the depth (σd), calculated using the following formulation:
216
where mB represents the image scale (D / focal length); D is the depth (camera-object 217 distance); B is the baseline and σi is the measured accuracy in the image space.
218
After the accuracy assessments, we investigated the suitability of using the terrestrial snow density and re-freezing of melt water were assumed to be negligible for the 238 calculation of the annual geodetic mass balance (Zemp et al., 2013) .
239
The horizontal surface displacements rates of the AVDM3 rock glacier were 
Results
247
Accuracy assessment on the area of La Mare Glacier
248
The mean elevation difference between the SfM-MVS DEM from 4 September 2013
249
( Fig. 5a ) and the ALS DEM from 22 September 2013 (Fig. 2b) , evaluated in the 
268
The spatial distribution of the elevation difference between the SfM-MVS and ALS
269
DEMs surveyed at the same times ( Interestingly, the majority of this slope class lies in a flat area of the glacier at 3200-291 3300 m a.s.l. and is covered by fresh snow, which has poor texture. In addition, this 292 zone has an unfavourable line of sight from the camera positions.
293
The role of the incidence angle between the line of sight of the camera and the 294 photographed object (vector normal to the surface), was investigated by analysing 295 the mean angles calculated from five representative camera locations at different 296 elevations. The analysis was performed for the glacier area, where most of the mean 297 incidence angles ranges between 70° and 90° (75%, Figure 9a ). results, a viewshed analysis was carried out (Fig. 9d) . The results show anti-307 correlation between the absolute value of elevation difference and the number of 308 cameras viewing reconstructed pixels (Fig. 9e) , yielding a coefficient of correlation of 309 -0.63, which is significant at the 0.05 level.
310
The effect of the camera-object distance (i.e., depth, Gómez-Gutiérrez et al., 2014), distance classes from a camera position at the centre of the array displayed in Figure   314 4b. The relationship between error and depth is clearer for the glacier area (Fig. 10a) , 315 whereas in the surrounding area, the error appears to be more influenced by the 316 variability of the slope angle (Fig. 10b ).
317
The theoretical σd was calculated using Eq. 1 for each class of distance, considering shows that, on the glacier, the accuracy calculated from the DoD matches quite well the 'theoretical' calculations up to a depth of 1900 m. Beyond this distance, the 325 detected error increases faster than in theory, likely due to the increasing coverage of 326 fresh snow, which affects the image texture and decreases the accuracy.
327
The accuracy of photogrammetric reconstructions for the different substrata was then 
335
The texture of the surface also influences the point density distribution and the spatial 336 coverage of the reconstructed area. A lower value of the point density was obtained 337 for fresh snow (4 pts m -2 ). Increasing point densities were obtained for firn, ice and 338 debris (10, 13 and 15 pts m -2 , respectively).
339
The spatial coverage in the fresh snow area was 75%, whereas it was 93% in the 340 rest of the glacier. Excluding the areas not visible from the camera position and 341 occlusions imposed by the topography, the spatial coverage in the fresh snow area 342 was 82% and 98% in the remaining part.
343
The point density is also affected by the depth, elevation and slope (Fig. 12 ). Due to 344 the GSD, the average point density decreases with depth, which in our case is also 345 proportional to the elevation. On the glacier, the point density decreases more rapidly 346 than in the surrounding area for elevations between 3100 and 3300 m a. 
Surface changes and velocities of the AVDM3 Rock Glacier
399
The spatial distribution and the mean value of elevation change on the surface of the 400 AVDM3 Rock Glacier were calculated differencing the available SfM-MVS and ALS
401
DEMs. Table 5 shows that, according to the ALS data, there was a prevailing which also featured the greatest elevation changes. 
829
In the box-whisker plot, values which exceed 1.5 * IQR were considered outliers. In 
